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ABSTRACT • PURPOSE- To provide a reliable semiconductor device With reduced contact resistance 
by cleaning a lower aluminum wiring layer exposed through a contact hole by dry etching 
. using a mixture of rare gas and hydrogen to remove the denatured layer on the winng 
surface. 

CONSTITUTION: A lower aluminum wiring layer 3 is cleaned by dry etching using an 
. argon-hydrogen mixture through a contact hole. The fluorine and oxygen in a denatured 
'i fS^ ri^lted'im^ydrofluorlc' acid and water both by the physical action of argon 
plasma and by the chemical reaction of hydrogen. The reaction temperature is lower than 
the process temperature, but the hydrofluoric acid and water are evaporated. An upper 
aluminum wiring layer 5 is formed on a second insulating film 4 In such a manner that rt is 
' connected electrically with the lower wiring layer 3 through a contact hole. According to 
. this method, the contact resistance between wiring layers is reduced, and a reliable device 
is obtained. 
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Claim 

A method for manufacturing a semiconductor device which involves a step in which a 
base layer provided with a lower aluminum wiring layer is prepared, a step in which an interlayer 
insulating film having contact holes at prescribed positions is formed on the aforementioned base 
layer. 
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a step in which dry etching cleaning is applied to the aforementioned lower aluminum 
wiring layer exposed via the aforementioned contact holes using a mixed gas including a rare gas 
and a hydrogen gas> and 

a step in which an upp^ wiring layer is formed on the aforementioned interlayer 
insulating fihn while achieving electrical connection with the aforementioned lower aluminimi 
wiling layer via the aforementioned contact boles. 

DgtaiHg<f ^plfflifitfiftB of the i^v^tiQTt 
Industrial application field 

The present invention pertains to a method for manufacturing a semiconductor device in 
. which a lower aluminmn wiring layer and an upper wiring layer are connected via contact holes. 



Usually, a semicoruiuctor device has an aluminum multi-layer wiring structure. 
Figure 2 is a cross section of a conventional semiconductor device having such an alumimmi 
multi-layer wiring structure. 

Next> the method for manufacturing the semiconductor device shown in Figure 2 will be 
described. First, first interlayer insulating film 2 is formed on silicon substrate 1, and contact 
holes are created. Then, lower aluminum wiring layer 3 is formed in a pattern to achieve 
electrical connection with silicon substrate 1 via said contact holes. Next, second interlayer 
insulating film 4 is formed on lower wiring layer 3. Then, a photoresist is formed by means of a 
phototype processing method over the entire area except the parts where the contact holes are 
created, and second insulating fihn 4 is removed selectively by means of a taper etching method, 
a combination of wet etching utilizing fluoric acid and reactive ion etching utilizing CHF^ and 
as primary ingredient gases, using said photoresist as a mask in order to create electrical 
connection parts (will be referred to as via-hole parts, heremafler), that is, contact holes for 
achieving electrical connection between lower aliuninum wiring layer 3 and upper aluminum 
wiring layer S to be formed later. 

Reaction products created during the photoresist formation and the etching are removed 
after the etching is completed using an oxygen plasma or a wet chemical processing method. 
Because low^ aluminum wmng layer 3 is exposed to plasma from a fluorine type gas, such as 
CHFj, or gaseous oxygen through the via-holes during the via-hole creating process, degenerated 
aluminum layer (fluoride or oxide) 6 is formed to a thickness of 100 A or so on the surface of 
lower aluminum wiring layer 3. 



Prior art 
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Next, said degenerated layer 6 is removed by means of sputtering etching utilizing an 
argon gas plasma. This is done in order to keep the contact characteristic between lower 
alummum wiring layer 3 and upper aluminum wiring layer 5 good. 

Next, upper aluminum wiring layer 5 is formed in a vacuum by means of the sputtering 
method while achieving electrical coimection with lower aluminum wiring layer 3 via the 
via-hole parts, and a pattern is created by means of the phototype processing method and an 
etching method. A fibn made of an aluminum alloy, such as Al-Si, Al-Si-Cu, or Al-Cu, is 
utilized for upper aluminum wiring layer 3 [sic; 5]. 

Furthermore, a heat tieatmait at around 400-450'*C is applied in order to improve the 
mixing condition of lower aluminum wiring layer 3 with upper alumimun wiring layer S at the 
via-hole areas. 

Problem to be solved by the invention 

TTie conventional semiconductor device was created according to the aforementioned 
process; wherein, the ronoval of degenerated layer 6 is achieved using a physical method called 
sputtOTUg etching utilizing an argon gas plasma. Thus, removed particles of degenerated layer 6 
adhered back to the surfece of lower alummum wiring layer 3, creating a problem that the contact 
resistance with lower aluminum wiring layer 3 increased, and the reliabilities of the 
electromigration tolerance and the stress migration tolerance at the via-holes deteriorated when 
upper aluminum wiring layer S was formed. 

The present invention was made to solve the aforementioned problem, and its purpose is 
to realize a method for manufacturing a semiconductor device with little contact resistance and 
high reliability. 

Means to solve the problem 

The method for manufacturing a semiconductor device pertaining to the present invention 
involves a step in which a base layer provided with a lower ahiminum wiring layer is prepared, a 
step in which an interlayer insulating fihn having contact holes at prescribed positions is formed 
on the aforementioned base lay^, a step in which dry etching cleaning is applied to the 
aforementioned lower aluminum wiring layer exposed via the aforementioned contact holes 
using a mixed gas comprising a rare gas and a hydrogen gas, and a step in which an upper wiring 
layer is formed on the aforementioned interlayer insulating film while achieving electrical 
connection with the aforementioned lower aluminum wiring layer via the aforementioned contact 
holes. 
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Function 

In the present invention, because the step in whidi dry etching cleaning is ^lied to the 
lower aluminum wiring layer exposed via the contact holes using a mixed gas con^)rising a rare 
gas and a hydrogen gas is provided, the degenerated layer fonned on the surface of the lower 
alu minum wiring layer is removed by means not only of a physical method but also of a 
chemical method. 



Application example 

Figure 1 is a cross section of a semiconductor device created using an application 
example of the method for manu&cturing a semiconductor device pertaining to the piesrat 
inventioiL 

Next, the method for manufacturing a semiconductor device shown in Figure 1 will be 
described. First interlayer insulating film 2, lower aluminum wiring layer 3, and second 
interlayer insulating film 4 with via-holes are formed on silicon substrate 1 using the same 
conventional method. At this time, degenerated layer 6 is formed on lower aluminum wiring 
layer 3 exposed by the via-hole parts, like in the past 

Next, when dry etching cleaning is applied to lower aluminum wiring layer 3 exposed by 
the via-hole parts using a mixed gas comprising an argon gas as a rare gas and a hydrogen gas, 
sputtering etching (physical method) with the plasma of the argon gas is realized, like in the past, 
and HF and water are created as the fluorine and the oxygen contained in the hydrogen gas and 
degenerated layer 6 react with each other (chemical method). Boiling point of HF is 19.5*C» and 
the boiling point of hydrogen is lOO'C. Because the semiconductor manufacturing process is 
usually carried out under a tenq)erature higher than said tenq)eratures, the HF and water are 
removed as vapors. Thus, even when the particles of degenerated layer 6 removed during the 
sputtering etching adhere again, like in the past, they are removed completely by the chemical 
method. 

Next, upper aluminum wiring layer 5 is fonned on second interlayer insulating layer 4 
while achieving electrical connection with lower aluminum wiring layer 3 through the via-holes 
using the same conventional method. At this time, because degenerated layer 6 that used to be 
present on the surface of lower aluminum wiring layer 3 at the via-holes is afready removed 
completely, the contact resistance between lower aluminum wiring layer 3 and upper aluminum 
wiring layer 5 is not as high as in the past, so that the reliabilities of the electrumigration 
tolerance and the stress migration tolerance do not deteriorate, either. 

Furthermore, although a case in which the lower and the upper wiring layers are of 
aluminum wiring was shown in the aforementioned application example, the upper layer wiring 
does not have to be of aluminum wiring. Moreover, the rare gas is not limited to argon gas. 
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Effect of ttie invention 

As described above, because the stq) in which dry etching cleaning is ^>plied to the 
lower aluminum wiring layex exposed via the contact holes using the mixed gas comprising the 
rare gas and the hydrogen gas is provided, the degenerated layer formed on the surface of the 
lower aluminum wiring layer is removed by means not only of the physical method but also of 
the chemical method. As a result, the presoit invention offers an effect that the contact resistance 
between the upp^ aluminum wiring layer and the lower aluminum wiring layer is reduced, and 
the reliabilities of tfie electromigration tolerance and the stress migration tolerance at the 
via-holes are improved. 

Brief description of the figures 

Figure 1 is a diagram for explaining the sqjplication example of the method for 
manufacturing a semiconductor device pertaining to the present invention, and Figure 2 is a 
diagram for explaining the conventional method for manufacturing semiconductor devices. 

In the figures, 3 indicates the lower aluminum wiring layer, 4 indicates the second 
interlayer insulating film, and 5 indicates the upper aluminum wiring layer. 

Fuitheraiore, in the figures, the same symbols indicate the same parts or equivalents. 




Si 



Figure 1 

Key: 3 Lower aluminum wiring layer 

4 Second intearlayer insulating film 

5 Upper aluminum wiring layer 
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